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Background: Both intrinsic and environmental factors play a role in premature ageing of
the skin. Natural extracts have been extensively used to reduce the signs of ageing in recent
years. Pterostilbene is a natural analog of resveratrol with therapeutic properties against
numerous diseases mainly due to its ability to reduce reactive oxygen species.

Methods: We studied the anti-aging and skin brightening effect of a 0.4% formulation of
natural pterostilbene in healthy volunteers (N=38) in an open-label, single-arm, monocentric
study for 8 weeks. The melanogenesis inhibitory, anti-tyrosinase and anti-collagenase and
anti-elastase properties of pterostilbene were evaluated in vitro.

Results: Natural pterostilbene showed significant inhibition of melanogenesis in vitro.
Pterostilbene cream (0.4%) was highly effective in reducing markers of aging and induces
even skin tone. The product was effective in reducing wrinkles and fine lines, improved skin
hydration elasticity and showed no adverse effects.

Conclusion: Our results suggest that natural pterostilbene is a safe and effective ingredient for
use in cosmetic preparation to reduce the markers of skin ageing and brighten the skin tone.
Trial Registration: Clinical Trial Registration India Identifier CTRI/2019/01/017160
[Registered on 18/01/2019].
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Introduction
Skin is one of the largest organs of the body, it acts as a defensive barrier and
protect us from outer physical, chemical, and biological environment." It is also the
most visible organ that makes one conscious of the aging process. Skin aging is
induced by various genetic (intrinsic) and environmental factors (extrinsic).>
Chronological aging of the skin is a natural, slow and complex biological process,
characterized by the appearance of fine wrinkling, fragility, loss of elasticity and
skin tone, crow’s feet, nasolabial folds, and mottled dyspigmentation. Chronic
exposure to solar ultraviolet, infrared (UVR, IR) irradiation (termed photoaging),
smoking, poor nutrition, and pollution are the major environmental influences
which induce extrinsic aging.”®

Antiaging and skin brightening cosmeceuticals delay or reverse the visible signs
of aging to get healthy, smooth, flawless, blemish-free, and resilient skin.*’

submit your manuscript

Dove n

http:

in 3

Clinical, Cosmetic and Investigational Dermatology 2020:13 105116 105
© 2020 Majeed et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

T php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6400-8245
http://orcid.org/0000-0003-2928-1726
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Majeed et al

Dove

Skin brightening cosmetics lighten skin tone and provide
an even skin complexion by the reduction in melanin.®

Plants and plant extracts are a good source of anti-
aging and skin brightening active ingredients, and the
current research trend is to develop phyto-ingredient refer-
ring to their traditional uses.’

Pterostilbene is a natural dimethylated analog of
resveratrol which is predominantly found in the heartwood
of Pterocarpus marsupium.’

Pterostilbene has gained much attention due to its chemo-
preventive and chemotherapeutic activities.'®'" Multiple stu-
dies have demonstrated the antioxidant activity of pterostilbene
in both in vitro and in vivo models demonstrating both
preventive and therapeutic benefits such as antioxidant, neuro-
protective, anti-cancer, cardioprotective, analgesic, antiaging
anti-diabetic, antitussive, anti-inflammatory, anthelmintic, and
anti-obesity activities have been studied for pterostilbene.'*'?
It is also reported to be used in treating boils, sores, vitiligo,
greyness of hair and skin diseases.'*

Pterostilbene has been found to protect against UVB
induced skin damage and tumorogenesis in hairless mice."
In human keratinocytes exposed to UVB, pterostilbene was
observed to increase the nuclear translocation of NF-E2-
related factor-2 (Nrf2), expression of Nrf2-dependent antiox-
idant enzymes, and DNA repair activity.'® We have earlier
observed that Pterostilbene can be used as a natural ingredient
in SPF formulations (unpublished observation). Being
a natural antioxidant, pterostilbene could be an effective
agent for antiageing and sun protection. Pterostilbene also
maintains the antioxidant enzymes, inhibits oxidative stress
induced by UVB, most probably due to the modulation
of Nrf2-dependent antioxidant response.'” Moreover,
Resveratrol and pterostilbene, have been reported to have
reduced oxidative damage, inflammation, and cell senescence,
which are some of the hallmarks of cellular aging.'® The
cosmetic formulations of pterostilbene have not been studied
in a systematic clinical study for their skin benefits.

In this study, we have evaluated skin brightness and
antiaging effect of natural Pterostilbene in healthy volun-
while the

tyrosinase, and anti-collagenase activities of the compound

teers, inhibition of melanogenesis, anti-

was evaluated in vitro.

Materials and Methods

Test Material

Natural pterostilbene  (3,5-dimethoxy-4-hydroxy-trans-
stilbene) is an extract derived from the dried heartwood of

the Indian Kino tree (Pterocarpus marsupium). The cosme-
ceutical cream formulation PteroWhite® (CS/118/ML163A)
was provided by Sami Labs, Bangalore, India. The topical
dermal cream formulation contains 0.4% of natural 90%
along with Disodium EDTA,
Cetostearyl alcohol, Softemul165, Caprylic Capric triglycer-

pterostilbene  extract
ide, Butylated Hydroxytoluene, Propylene glycol, Xiameter
PMX 3031, Dow Corning 556, Sabilize New (Thyme oil,
Monolaurin, Magnolol), Amp 95.

In vitro Skin Lightening Potential
Melanogenesis Inhibitory Activity
Melanogenesis inhibition assay was performed as described
earlier with slight modification,'® B16F1 mouse melanoma
cells were procured from ATCC and were maintained in
Dulbecco’s Minimal Essential Medium (DMEM) containing
10% fetal bovine serum (FBS). The cells were harvested by
trypsinization and were cultured for 24 hrs in a 96 well micro-
titer plate at a seeding density of 5000 cells per well. Melanin
production was induced by melanocyte-stimulating hormone
(e=-MSH) at 1nM, along with varying non-cytotoxic concen-
trations of the test sample for 3 days. 1N NaOH extracted the
melanin, and the absorbance is read at 405nm in a Microplate
reader (TECAN Ltd, Ménnedorf, Switzerland). The inhibitory
effect of the sample is calculated based on the degree of
inhibition of melanin formation compared to untreated MSH
stimulated cells. Kojic acid was used as a positive control.
The results are expressed as ICsy, values using
Graphpad Prism software. The percentage of melanin is
calculated as follows:

x100

% Inhibition =

Where C — absorbance due to melanin in untreated cells
T-absorbance due to melanin in sample treated cells,

Anti-Tyrosinase Activity
Tyrosinase acts on L-tyrosine, forming a pink colored
complex m the intensity of which is measured at 492 nm.
The Tyrosinase activity in the presence and absence of inhi-
bitor was assayed spectrophotometrically at 492 nm'®

The assay is performed in 96 well clear microplate.
Different concentrations of the samples were pre-incubated
with. 6 U/well of mushroom tyrosinase enzyme at 37°C for
10 mins. The reaction was initiated by adding 2.5mM L-
Tyrosine disodium, and the absorbance is read immediately
every minute until 15 mins using the microplate reader at
492nm (TECAN Ltd, Miannedorf, Switzerland). A test blank
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well was prepared for each sample without the enzyme.
Enzyme reaction with vehicle alone served as a control for
enzyme activity. Kojic acid was used as a positive control

The results are expressed in ICso values using Graph
pad prism software. The percentage of inhibition is calcu-
lated as follows:

% Inhibition = x100

Where C- absorbance in Control, T- Absorbance in test

Anti-Collagenase Activity and Anti-Elastase Activity

The anticollagenase activity was performed using the col-
lagenase kit (Enzchek™ collagenase, gelatinase assay kit,
Invitrogen, USA). For anti-elastase activity, the elastase kit
(Enzchek® Elastase assay kit, Invitrogen, USA) was used.
Both the assays were performed as per the manufacturer’s
instruction and data was captured using BMG FLUOStar
Optima. The results for both the assays are expressed
respectively as 1Csy values using Graph pad prism soft-
ware. The percentage of inhibition is calculated as follows:

E-T
x100

Inhibition Ratio (%) =

Where E = absorbance due to enzyme activity in the
absence of the test sample

T= absorbance due to enzyme activity in the presence
of the test sample

Clinical Study

Ethics

The skin brightening and antiaging attributes of Natural
pterostilbene were evaluated at MS Clinical Research Pvt.
Ltd., Bangalore, Karnataka, India. The study was approved
by the local ethics committee (Clinicom Ethics Committee)
and was conducted in accordance with good clinical prac-
tice guidelines.

Study Design

This was an open-label, single-arm, monocentric efficacy
study. It was conducted for 8 weeks for each subject and
included a total number of 4 visits, ie, Dayl(baseline visit),
Visit 2: Week2 (W2), Visit 3:Week4 (W4), Visit 4:WeekS8
(W8). After obtaining written informed consent, subjects
which satisfied the inclusion and exclusion criteria were
enrolled. 39 subjects of 38-55 years of age were screened,
enrolled, 38 subjects (10 male and 28 female) completed the
study. The objective of the study was to assess the efficacy of
Natural Pterostilbene for skin brightening benefit as well as

improvement in skin hydration in comparison to baseline, to
evaluate the efficacy in imparting anti-aging attributes such as
the reduction in fine lines, wrinkles & elasticity in comparison
to baseline and Skin tolerance monitoring for product safety.
Evaluation for the brightening benefit was carried out for 4
weeks and anti-aging attributes for 8 weeks by dermatological
assessment, non-invasive instrument assessment, and imaging
assessment. The upper inner arm (VB Volar Biceps) of the
subjects was used as a control for the brightening assessments.
Subjects were provided with the test products to apply one
fingertip unit uniformly on complete face twice daily through-
out the study (8weeks). They were instructed not to use addi-
tional sunscreen. There was no change in the subject’s other
skincare regimen for the entire duration of the study which has
no direct or indirect effect on our study outcome. The subjects
were to carry their allotted test products to the study center on
each visit.

Critical Selection criteria were to include healthy male
& female adult subjects with the age group mentioned
above, with general good health as determined from
a recent medical history general physical examination,
and dermatological assessment. Subject with Fitzpatrick
skin types III to V, having visible fine lines and wrinkles
in the periorbital area (Crow’s feet-under eye), forehead,
and having skin aging concerns were included in the study.

Participants with following criteria were excluded from the
study; Subject with any other signs of significant local irrita-
tion or skin disease, currently taking any medication, having
chronic illness or had major surgery in the last year, subjects
undergoing any treatment of any skin condition on their face/
forearm, subjects not willing to discontinue other topical facial
products, allergic or sensitive to bar cleansing products,
creams/lotions, artificial jewelry or anything else, pregnant

or nursing, taking medication including food supplements.

Dermatological Assessment

The dermatological assessment for efficacy was done using
a dermatological assessment questionnaire and was recorded
at baseline, week 2, week 4, and week 8. Parameters for
evaluation include a shade card. Evenness of skin tone, skin
texture (was assessed by tactile expert assessment), skin
firmness/elasticity, Crow’s feet grading scale in the unani-
mated face (photo-numerical scale), under eye, frown lines
(as per the Galbellear Line Severity Scale (GLSS)) and
Nasolabial folds (as per the Wrinkle Severity Rating Scale
(WSRS) scale (Table 1). The MSCR scale shade card
(Supplementary Figure 1) comprising of 24 different shades
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Table | Grading Scales for Dermatological Assessment for Efficacy

Parameter | Crow’s Skin Evenness of Skin Skin Frown Line Nasolabial Fold Under Eye
Feet Texture Tone Firmness Glabellar Wrinkle Severity Fine Lines
Photo and Line Severity | Rating Scale
Grading Elasticity Scale GLSS WSRS
Score Category | Score | Category Category Category Category Category Category
0 No | Very rough Very uneven toned skin/ | Very loose none absent (no visible Photonumeric
wrinkle highly heterogeneous in fold) Scale Ito 9 where
colour across the face 1= minimum and
9= maximum
| Very Fine 2 Moderately | Moderately un-even Loose mild mild (shallow fold)
Wrinkle Rough toned skin/moderate
heterogenicity in colour
across the face
2 Fine 3 Neither Slightly even toned skin/ | Slightly firm | moderate moderate (moderate
Wrinkle Rough nor moderate homogenicity fold, not visible when
smooth in colour across the stretched)
face
3 Moderate 4 Moderately | Moderately even toned Moderately | severe severe (prominent,
Wrinkle smooth skin/moderate firm long, deep folds)
homogenicity in colour
across the face
4 Severe 5 Highly Very Even toned skin/ Very firm extreme (extremely
Wrinkle smooth highly homogeneous in deep and long folds;
colour across the face detrimental to facial
appearance

designed for the Asian skin was used to assess the skin shade.
One being the fairest, while 20 is the darkest skin color.

Dermatologist and Subject Self-Assessments

The entire assessment was completely blinded and rando-
mized at two levels. A direct comparative visual assess-
ment was done by the dermatologist between the two Visia
images. The dermatologist also asked and assessed seven
relative questions to all the subjects at week 4 and week 8
in comparison to baseline.

Subjects were asked to evaluate their skin condition after
product application by using the self-assessment questionnaire.
The parameter assessed were skin moisture, skin brightness,
skin tone, skin firmness, at week 2, week 4 and week 8. Based
on the score counts it is represented in percentage.

Instrumental Assessment

VISIA CR 2.2

VISIA CR 2.2 was used for facial imaging to record the visual
changes at baseline- Day 0, Week 4, Week 8, Left, Right and
front view of the face under CP (Cross-Polarized) and PP

(Parallel Polarized), S1(Standard 1) and S2 (Standard 2)
condition.

Dermal Assessment by Spectrophotometer
CM2600d

For Skin Brightness, assessments were done at the center of
the forehead, designated test site on the right and left cheek,
and the untreated control site at the upper inner arm by two
independent readings on the same location within the mea-
surement area/site. In each reading, skin color components
(L*a*and b*) and reflectance over entire spectral wavelength
(360 nm to 740 nm) were captured in both SCI (specular
component included) and SCE (specular component excluded
modes) respectively by Minolta Spectrophotometer CM
2600d with aperture 8mm.

The spectrophotometric data was captured on the test
product application site Forehead, Cheek, Upper inner arm
(VB), the difference between upper inner arm and fore-
head AL (VB-FH) and the difference between upper inner
arm and cheek AL (VB - Cheek) at all-time points base-
line-day 0, week 2 and week 4.
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Dermal Assessment by Cutometer MPA580

Skin Elasticity was measured on the right and left cheek
and at baseline -day 0, week 2, and week 4 by Cutometer
MPA 580. One independent reading was taken each on the
right and left cheek.

Dermal Assessment by Corneometer CM 825

The Corneometer indicates the hydration level of the
superficial layers of the skin (stratum corneum) via the
measurement of skin dielectric properties. The assessment
was done by Corneometer CM 825 on the center of the
forehead and right and left cheek at baseline-Day O,
Week2 and Week4. Three independent readings were cap-
tured on the same site for all assessments.

Dermal Assessment by Antera3D™"

Antera measurements are based on the width and depth of
fine lines, wrinkles, and folds. For fine lines, a 0—Imm
filter, medium wrinkles, 0—2mm filter, large wrinkles, 0—
3mm filter was selected. Three independent readings were
taken by Antera 3D™ for the reduction in fine lines,
reduction in wrinkles, skin texture at baseline-day O,
week 4 and week 8 on forehead and right and left cheek
at the same site for all assessment.

Assessment for Safety

Localized skin irritation was recorded in the product in use
tolerance form. This was done by the dermatological eva-
luation based on the following parameters erythema, dry-
ness, edema, urticaria, allergic reactions, etc. Any adverse
reactions were monitored and documented, determined by
the severity of local intolerance/site reactions as deter-
mined by the investigator, were documented.

Data Consideration and Statistical Analysis

For Efficacy, the data of all subjects who completed the study
were considered for the statistical analysis. A descriptive
statistical analysis was carried out, and the normality test
was performed using the Shapiro—Wilk test. Based on the
output (p-value), the statistical test was decided. If the
p-value was more than 0.05, the data was normal and
a parametric test was performed to determine the efficacy
of the test product. If the p-value was less than 0.05, the data
was not normal, and a non-parametric test was performed to
determine the efficacy of the test product. In all analyses,
a 2-sided significance level of 5% (p-value < 0.05) was used
to determine significance levels. Results on continuous
measurements were presented on Mean £SE. The Statistical
software, R- ver.3.1.2 was used for the analysis of the data.

Majeed et al
Results
Melanogenesis and Tyrosinase Inhibitory
Activity

Under in vitro culture conditions, pterostilbene (90%) shows
melanogenesis inhibitory activity with an ICsq of 0.55ug/mL
in B16F1 mouse melanoma cells. The positive control Kojic
acid showed an ICso of 50 pg/mL. Pterostilbene inhibits the
activity of tyrosinase enzyme, which is the most important
enzyme catalyzing multiple steps of melanin production,
with an ICsq of 7pg/mL in comparison to kojic acid which
had an ICso of 3.5 pg/mL. ICso for Anti Collagenase and
Anti-Elastase activity was found to 125 pg/mL.mL and
50pg/mL, respectively (Table 2).

Spectrophotometer - (L-Skin Brightness)
Significant improvement on the forehead was noted in skin
luminosity post 4 weeks and for cheeks post 2 and 4 weeks
of test product application in comparison to baseline
(Figure 1A, 1B). No significant difference was noted in
Upper inner arm (Volar Biceps) untreated control noted at
all-time points in comparison to baseline (Figure 1C). The
upper inner arm is the sun-protected area as it is never
exposed to the sun during the study period. AL (VB-FH)
and AB (VB-Cheek) showed a significant decrease in
mean value from week 2 onwards till the end of the
study week 4 implying that the test product was able to
improve the skin luminosity with the continuous applica-
tion (Figure 1D).

Corneometer - (Skin Hydration)

Significant improvement was noted in skin hydration at
all-time points in comparison to baseline, implying that the
test product efficacious in improving the hydration level of
the skin (Figure 2).

Table 2 Melanogenesis and Tyrosinase Inhibitory Activity and
Anti-Collagenase and Anti-Elastase Activity

S. Parameter Pterostilbene
No. 1C50 pg/mL

| Melanogenesis Inhibitory activity 0.55

2 Tyrosinase inhibitory activity 7

3 Anti-Collagenase 125

4 Anti-Elastase activity 50

Notes: The inhibitory assays were performed as described in the methods. Kojic acid,
used as a positive control showed an ICsq of 50 pg/mL for Melanogenesis and 3.5 pg/mL
for tyrosinase inhibition. The positive control for collagenase (I,10- Phenanthroline
monohydrate) and Elastase (N-methoxysuccinyl Ala-Ala-Pro-Val-Chloromethyl
ketone) were provided in the kit and showed 100% inhibition at |0mM concentration.
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AL* (VB-FH)

| Baseline Week 2 Week 4
AL* (VB - Cheeks)

Spectrophotometer - Skin brightness (Luminosity -L*)

Figure | Skin brightness analysis by spectrophotometer: (A) forehead week 2 vs baseline p=0.04327 and week 4 vs baseline p=0.0498; (B) cheek week 2 vs baseline
p=0.0.076 and week 4 vs baseline p=0.0001; (C) upper inner arm - volar biceps: week 2 vs baseline p=0.2948 and week 4 vs baseline p=0.7312; (D) AL (VB-FH) week 2 vs
baseline p=0.03118and week 4 vs baseline p=0.0219; AL VB - Cheeks: week 2 vs baseline p=0.0002and week 4 vs baseline p<0.0001.

Cutometer - (Skin Elasticity)

Gross Elasticity. Maximum Amplitude of Elasticity,
Net Elasticity, Viscoelasticity

Significant improvement in gross elasticity, maximum ampli-
tude, and Net elasticity was noted at all the time points in

. 80 p<0.0001

‘L;)J p<0.0001 p<0.0001 =
e ot

H 60 p<0.0001 P

c I

©

s

< 40

c

L

©

5 20

>

I

Baseline Week2 Week 4 Baseline Week2 Week 4

Forehead Cheeks

Corneometer - Hydration
Forehead and Cheeks

Figure 2 Skin hydration assessment by Corneometer for forehead and cheek at
week 2 (day 15), week 4 (day 30) vs baseline all p<0.0001.

comparison to baseline. Visco-elasticity exhibited significant
improvement at week 8 in comparison to baseline (Figure 3A).

Antera 3D - (Fine Lines and Wrinkles and Skin Texture)
A significant reduction was noted in fine lines, medium,
and large wrinkles at weeks 4 and 8 in comparison to
baseline, implying that the test product was efficacious in
reducing the fine line with continuous application of test
product (Figure 3B and Figure 4A). A significant reduc-
tion was noted in skin roughness at week 4 and week 8 in
comparison to baseline (Figure 3B).

Dermatological Assessment

As per dermatologist visual assessment, significant
improvement was noted in skin fairness at forehead
and cheeks at week 4, and no significant change was
observed in untreated control at all time points in com-
parison to baseline (Figure 3C). When the forehead and
cheek were compared with the untreated control,
a significant reduction was observed in mean value at
week 4 as compared to baseline (Figure 3C). However,
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Figure 3 Cutometer assessment of Skin elasticity Gross elasticity: (A) Week 4 vs baseline p<0.0001 and Week 8 vs baseline p<0.0001; Maximum Amplitude of Elasticity:
Week 4 vs baseline p<0.0001 and Week 8 vs baseline p<0.0001; Net Elasticity: Week 4 vs baseline p<0.0002 and Week 8 vs baseline p<0.0001; Visco Elasticity: Week 4 vs
baseline p=0.2933 and Week 8 vs baseline p<0.0235. (B) Skin evaluation of Fine Lines, Wrinkles and Skin Texture using Antera; Fine lines, Medium and large wrinkles, and
skin texture: week 4, week 8 vs baseline all p<0.0001. (C) Dermatological assessment: Mean value for Shade card assessment for skin fairness: for forehead, cheek, untreated
control, Forehead vs Untreated control and cheek vs untreated control at Week 2 vs baseline p=0.9999, week 4 vs baseline p<0.0001, and Untreated control week 2 and

week 4 vs baseline p=0.9999.

no significant change was observed in the evenness of
skin tone, skin elasticity. A significant improvement was
noted in skin texture from week 2 onwards, till the end
of the study (Figure 5A), a significant change was noted
in crow’s feet area post 8 weeks in comparison to base-
line (Figure 5B). There was an insignificant change in

nasolabial folds. Frown Lines also showed significant
change post 8 weeks of product application in compar-
ison to baseline (Figure 5C). Significant improvement
was observed in the under-eye fine line from week 2
onwards, till the end of the study (8 weeks) in compar-
ison to baseline (Figure 5D).

Clinical, Cosmetic and Investigational Dermatology 2020:13

submit your manuscript

Dove


http://www.dovepress.com
http://www.dovepress.com

Majeed et al

Dove

Wrinkles: Small (0.1 - 1mm)

Standard 2 - Front View

WO FL W4 FL BASELINE WEEK 4 WEEK 8
Wrinkles: Medium (0.1 - 2mm) - Standard 2 - Left View
W;’FR W”R w“R . .
WOFR MEEE MEE BASELINE WEEK 4 WEEK 8
Standard 2 - Right View
& "
S
= S Rk
oL W
b "‘.’ %
W4 FR W8 FR
4
- ‘k'
» M
/A, ¢ _{’J’
Vi3 L
¥
WalFL: BASELINE WEEK 4 WEEK 8

Figure 4 (A) Antera Image of fine lines, medium wrinkles, large wrinkles at baseline, Week 4 (W4) and Week 8 (W8) Right (FR) and Left (FL) side of the face. (B) Visia

Image: cross polarized light: front, left, and right view - baseline, Week 4 and Week 8.

Image-Based Comparative Analysis by
Dermatologists

There was a significant percentage change in a visual
assessment done by the dermatologist based on Visia
images analysis week 4 and Week 8 (Figure 4B and
Supplementary Table 1) and self- assessment of subjects

at week 2, week 4, and week 8 (Supplementary Table 2).

Discussion

Plant extracts have been used as a cosmetic since ancient times.
The phenolic compounds and flavonoids present in plants
possess antioxidant anti-inflammatory, photoprotection and

reducing melanin synthesis, which can be explored in cosmetic
formulations. In the past decade, several new plant products
have been developed to effectively reduce photo-aging, UV
damage, skin brightening, and toning.'® However, scientific
validation and characterization with respect to their chemical
composition, safety and efficacy are not well explored. There
are studies focused on exploring new melanogenic modulators
and new mechanisms for skin lightening effects.*

In the present study, we have shown that a cream
formulation containing 0.4% pterostilbene is highly effec-
tive in reducing markers of aging and induces even skin
Pterostilbene

tone. showed significant anti-tyrosinase
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Figure 5 Dermatological assessment. (A) Mean value for skin texture Week 2 p=0.9999, Week 4 p=0.3458, Week 8 p=0.3458. (B) Mean value for crow feet grading Week 2
p=0.9999, Week 4 p=0.9999, Week 8 p=0.0029. (C) Mean value for frown lines Week 2 p=0.9999, Week 4 p=0.1489, Week 8 p=0.0107. (D) Mean value for under eye fine

lines Week 2 p=0.0006, Week 4 p=0.0001, Week 8 p=0.0001.

activity and inhibition of melanogenesis in vitro. Further,
the in vitro results also showed an anti-collagenase and
anti-elastase activity, suggesting that it may prevent pre-
mature aging. In many cosmetic products, ingredients like
licorice root extract, Chrysanthemum morifolium extract,
Vitamin C, Retinol, Abrutine, Kojic acid, Hydroquinone,
alpha, and beta hydroxy acids are being used for skin
lightening and brightening.?'

Pterostilbene was isolated and purified from Pterocarpus
marsupium heartwood and formulated as a cream in the
present study. Although it shares structural similarities with
resveratrol, it is a more powerful antioxidant and anti-
inflammatory molecule compared to resveratrol.'*'>*?

The presence of methoxy groups in pterostilbene are
reported to increase the lipophilicity, membrane permeability
resulting in increased activity of the molecule.” Pterostilbene
effectively scavenges several free radicals, attenuates oxida-
tive stress by reducing ROS, increasing cellular antioxidants,
via the nuclear factor erythroid 2- related factor 2 (Nrf2)

signaling pathway in several cell lines.***

It could downregulate the synthesis of proinflammatory
cytokines like IL6 and IL18, matrix metalloproteases and

NFkB signaling, which can be associated with the anti-
aging benefits observed in the present study.?*’

With aging, the skin undergoes many structural and
functional changes, the natural moisturizing and water
holding capacity of the skin is reduced, which in turn
also affects the skin elasticity. For skin rejuvenation,
hydration plays an important role.”®>' Phytochemicals
like polyphenols, phytoestrogens, and saponosides can
improve skin firmness and elasticity. Stilbenes, in gen-
eral, are known to play an important role in slowing
down skin aging by activating cytoplasmic and surface
membrane estrogen receptors that maintain skin elasti-
city and collagen content and reduces wrinkling
increases water-holding capacity and glycosaminoglycan
content.”?

Assessment of skin hydration with corneometer on
forehead and cheek showed a positive change at all time
points, suggesting that pterostilbene may have acted as
a water content modulator, thereby improving skin moist-
ure retention of the stratum corneum. Skin elasticity of
study subjects improved with regular usage of the
Pterostilbene as analyzed by Cutometer.
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The recent development in digital imaging technology
viz., Antera 3D, Visia in cosmetic field has simplified and
minimized the use of invasive methods by dermatologists for
diagnosis, evaluation, and in the therapeutic approach of skin
health.*2* In this study, pterostilbene appears to repair,
revitalize, and provides radiance, vibrancy, skin glow in
almost all the subjects, probably by increasing cell turn
over and impairment of skin, stimulating collagen production
thereby reducing the fine lines and wrinkles and restoring
skin tone and texture. Significant improvement was observed
in skin texture and under-eye fine lines at all-time points and
in wrinkles, frown lines, and crow’s feet area at the end of the
study as measured by Antera3D and as evaluated and com-
pared at all time points by Dermatologist from Visia images
captured under standard light condition.

Melanin production and skin color are determined by
several factors apart from melanogenesis. The transfer of
melanosomes from melanocytes to keratinocytes and their
processing can also affect the skin pigmentation.®*3>-
Recently cyclobutane pyrimidine dimer (CPD) was reported
to be formed in melanocytes following UVA exposure,
which contribute to the uneven pigmentation and dark
spots.”! A recent study demonstrated that cytidine could
inhibit the melanosome transfer in MelanoDerm™ skin
equivalents and reduce skin and was also effective as
a skin lightening agent in a clinical study.?® In the present
study, the

a significant improvement in skin luminosity after 4 weeks

spectrophotometric ~ evaluation  showed
of Pterostilbene application at all-time points in comparison
to baseline, suggesting the effectiveness of the product in
that the

Pterostilbene was efficient in imparting brightening benefits

brightening the skin. These results infer
and facial anti-aging attributes in healthy male and female
subjects. Pterostilbene was able to improve skin luminosity
with continuous application. Our in vitro studies showed
that Pterostilbene was an effective inhibitor of tyrosinase
enzyme activity and melanogenesis in Murine B16 melano-
cytes. We have observed earlier and it has also been
reported that pterostilbene can protect against UV induced
photodamage to skin. The product may also have an effect
of CPD mediated dark spots, which need to be further
explored.

The subjective assessment, dermatological assessment,
together with instrumental and image analysis in this study
suggests pterostilbene has effectively improved brightness,
elasticity, improvement in the appearance of fine lines,

wrinkles, and skin texture as compared to baseline in the

subjects studied. All subjects agreed that the test product
makes their skin moisturized, brighter, younger, firmer,
and make their skin look even-toned.

There was no product-related skin irritation, intoler-
ance, adverse events, or Serious adverse event recorded
during the study. The study met both primary and second-
ary objectives of efficacy and safety. The application of
pterostilbene cream twice daily for 8 weeks was safe and
well-tolerated for consumer application.

Conclusion

The results of the study described herein suggest that Natural
pterostilbene is a safe and effective molecule for skin bright-
ening and reducing signs of aging. These findings could
potentially be applied in various other formulations of skin-
care products that help reduce photoaging, UV damage, skin
brightening, and even toning. With the increasing demand for
the natural cosmetic requirement by the consumers, pteros-
tilbene offers a natural alternative for cosmetic formulations
to prevent deteriorative changes during skin aging and keep
the skin glowing and healthy.
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